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Conversion Factors, Datums, Abbreviations, and Acronyms

Multiply By To obtain

Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area
acre 4,047 square meter (m2)
acre 0.4047 hectare (ha)

Volume
cubic foot (ft3) 28.32 cubic decimeter (dm3) 
cubic foot (ft3)  0.02832 cubic meter (m3) 

Flow rate
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
inch per hour (in/h) 0.0254 meter per hour (m/h)

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVD 88) or the National Geodetic Vertical Datum of 1929 (NGVD 29). 

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

ACRONYMS

AML  



Flood of September 2008 in Northwestern Indiana

By Kathleen K. Fowler, Moon H. Kim, Chad D. Menke, and Donald V. Arvin

Abstract 
  During September 12–15, 2008, rainfall ranging from 

2 to more than 11 inches fell on northwestern Indiana. The 
rainfall resulted in extensive flood ing on many streams within 
the Lake Michigan and Kankakee River Basins during Sep-
tember 12–18, causing two deaths, evacuation of hundreds 
of residents, and millions of dollars of damage to residences, 
businesses, and infrastructure. In all, six counties in northwest-
ern Indiana were declared Federal disaster areas. 

U.S. Geological Survey (USGS) streamgages at four 
locations recorded new record peak streamflows as a result of 
the heavy rain fall. Peak-gage-height data, peak-streamflow 
data, annual exceedance probabilities, and recurrence inter-
vals are tabulated in this report for 10 USGS streamgages 
in northwestern Indiana. Recurrence intervals of flood-peak 
streamflows were estimated to be greater than 100 years at six 
streamgages. Because flooding was particularly severe in the 
communities of Munster, Dyer, Hammond, Highland, Gary, 
Lake Station, Hobart, Schererville, Merrillville, Michiana 
Shores, and Portage, high-water-mark data collected after the 
flood were tabulated for those communities. Flood peak inun-
dation maps and water-surface profiles for selected streams 
were made in a geographic information system by combining 
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Conditions Leading to the Flood   3

Conditions Leading to the Flood 
The September flooding in Indiana was caused by heavy 

rain falling on areas that had already received above-normal 
precipitation. A wetter than normal spring and late summer 
pre ceded the September flooding. Heavy rainfall in June caused 
record flooding in the central and southern parts of the state 
(Morlock and others, 2008). From January through August 
2008, northwestern Indiana received 30.25 inches of rain, more 
than 4 inches above normal (Indiana State Climate Office, 
2008a). In September this area received an average of 8.38 
inches, 261 percent of normal (Indiana State Climate Office, 
2008b). Early in September, the remnants of Hurricane Gustav 
drifted into the Midwest and merged with a cold front. Dur-
ing this event, 3 to 4 inches of rain fell in Illinois, Indiana, and 
into Michigan. About a week later, Hurricane Ike made landfall 
along the Texas Gulf Coast and brought additional rain to much 
of the same area as it followed a path similar to Hurricane Gus-
tav’s through the Midwest. The remnants of hurricanes Gustav 
and Ike drenched areas from Missouri through Indiana with up 
to 3 times the normal September rainfall amount. Northwestern 
Indiana was especially hard hit by flooding rains. Portage (Por-
ter County) received 11.46 inches of rain between September 
12 and 14, and South Bend (St. Joseph County) received 10.94 
inches of rain in the same period (Midwest Regional Climate 
Center, 2008). 

A map of estimated precipitation totals prepared from 
National Oceanic and Atmospheric Agency (NOAA) radar data 
(NCDC NEXRAD Data Inventory, 2008) shows rainfall totals 
ranging from about 1 inch to more than 10 inches for Septem-
ber 12–15 across northwestern Indiana (fig. 2). Total rainfall 

amounts from selected NWS precipitation stations (table 1, 
fig. 2) for the same period ranged from 7.4 in. at Lowell, Lake 
County, to 11.2 in. at La Porte, La Porte County. Average recur-
rence intervals2 (Bonnin and others, 2006) given in total rainfall 
amount in inches for a 4-day duration are presented in table 1. 
Average recurrence intervals were greater than 100 years at pre-
cipitation stations Crown Point 1N, Lake County, and Wanatah 
2 WNW, Porter County; greater than 200 years at Kingsbury 1 
N, La Porte County, and Valparaiso 5NNE, Porter County; and 
greater than 500 years at Indiana Dunes National Lakes (IDNL), 
Porter County, and LaPorte, La Porte County. A graph of daily 
cumulative rainfall (fig. 3) at seven NWS precipitation stations 
demonstrates the rainfall patterns for the 4-day period. For most 
of the stations listed in table 1, distribution of rainfall amounts 
throughout the 4-day period followed a pattern similar to that 
for the IDNL station (fig. 3). 
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Collection of High-Water-Mark Data 
High-water marks were identified and flagged in the field 

by IDNR and USGS field crews after floodwaters receded. 
High-water marks were set along approximately 46 miles of 
streams after the floods. For this study, high-water marks were 
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Estimation of Annual Exceedance Probabilities

Annual exceedance probabilities (the reciprocal of the 
recurrence intervals) associated with the peak stream flows for 
10 active streamgages (table 2) were estimated to indicate the 
relative magnitude of the September 2008 flooding. Annual 
exceedance probabilities were obtained from “coordinated” 
discharge-frequency curves avail able in the IDNR online 
publication “Coordinated Discharges of Selected Streams 
in Indiana” (http://www.in.gov/dnr/water/4898.htm). The 
methods used to produce the flood discharge-frequency curves 
are outlined in Bulletin 17B, the “Guidelines for Determining 
Flood Flow Frequency” (U.S. Interagency Advisory Com-
mittee on Water Data, 1982). The coordinated discharge-fre-
quency curves were established and are maintained according 
to a Memo randum of Understanding dated May 6, 1976, 
that was signed by the U.S. Department of Agriculture, Soil 
Conservation Service (now the Natural Resources Conserva-
tion Service), the USGS, the U.S. Army Corps of Engineers, 
and the IDNR. These agencies agreed to coordinate discharge-
frequency values for use in water-resources investigations and 
planning activities in Indiana.

Estimated Magnitudes and Annual 
Exceedance Probabilities of 
Peak Streamflows for the Flood of 
September 2008 

Peak-gage-height data, peak-streamflow data, and esti-
mated annual exceedance probabilities from the September 
flood for 10 USGS streamgages in northwestern Indiana are 
listed in table 2, and streamgage locations are shown in figure 
4. New streamflow peaks of record wewe ltew¤怀
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Description of Flood Damages and 
Impacts 

Record flooding, power outages, and evacuations affected 
thousands of northwestern Indiana residents during Septem-
ber 2008 and caused millions of dollars worth of damage to 
homes, businesses, and infrastructure. Areas of flooding were 
extensive in the communities of Munster, Dyer, Hobart, Por-
tage, and Michiana Shores as local streams and ditches rose 
rapidly during September 12–15, 2008. Hart Ditch at Dyer and 
Hart Ditch at Munster both peaked on September 14 at stages 
and discharges that exceeded the previous records. Trail 
Creek at Michigan City and Little Calumet River at Munster 
also peaked on September 14, both at record stage. Little Calu-
met River at Porter, Deep River at Lake George Outlet, and 
the Kankakee River at Davis continued rising and peaked the 
following day, September 15. Both Deep River and the Little 
Calumet River (at Porter) exceeded previous record stage and 
discharge. Stream reaches further downstream on the Kanka-
kee River peaked from September 17 to 19.

The following is a summary of flood impacts compiled 
after September 2008:

• The flooding caused two fatalities and numerous inju-
ries.

• More than 5,000 evacuations and water rescues were 
made during the flooding (Shipe, 2008).

• About 180 Indiana National Guard Soldiers and 
Airmen supported relief missions during flooding in 
northern Indiana.

• Food and drinking-water distribution points were set  
up in the affected counties.

• Levee breaches occurred in Lake and Newton Coun-
ties.

• Main electric transmission lines were damaged.

• Emergency Services Radio Towers were damaged by 
wind.

• Transportation disruptions were widespread. A 40-mile 
stretch of Interstate 65 was closed for 2 days (Midwest 
Regional Climate Center, 2008).

• Runoff from tributaries carried massive amounts of 
sediment into Lake Michigan, contaminating the water, 
ties.

ties.

•
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Glossary
The following definitions, except where noted, are from 

Langbein and Iseri (1960).

annual exceedance probability The probability that a given 
event magnitude will be exceeded or equaled in any given 
year. For example, the annual exceedance probability of the 
100-year peak flood streamflow is 0.01. In other words, there 
is a 1-percent chance that the 100-year peak flow will be 
exceeded or equaled in any given year.

cold front  A zone separating two air masses, of which the 
cooler, denser mass is advancing and replacing the warmer 
(National Weather Service, 2005).

cubic feet per second A unit expressing rates of discharge. 
One cubic foot per second is equal to the discharge of a stream 
of rectangular cross section, 1 foot wide and 1 foot deep, 
flowing water an average velocity of 1 foot per second. 

flood peak The highest value of the stage or discharge 
attained by a flood; thus, peak stage or peak discharge. “Flood 
crest” has nearly the same meaning, but since it connotes the 
top of the flood wave, it is properly used only in referring to 
stage—thus, “crest stage,” but not “crest discharge.” 

flood plain A strip of relatively smooth land bordering a 
stream, built of sediment carried by the stream and dropped 
in the slack water beyond the influence of the swiftest current. 
It is called a living flood plain if it is overflowed in times of 
highwater, but a fossil flood plain if it is beyond the reach of 
the highest flood.

flood profile A graph of elevation of the water surface of a 
river in flood, plotted as ordinate, against distance, measured 
in the downstream direction, plotted as abscissa. A flood 
profile may be drawn to show elevation at a given time or 
crests during a particular flood.

gage height The water-surface elevation referred to 
some arbitrary gage datum. Gage height is often used 
interchangeably with the more general term “stage,” although 
gage height is more appropriate when used with a reading on 
a gage.

recurrence interval (return period) The average interval of 
time within which the given flood will be equaled or exceeded 
once.

stream A general term for a body of flowing water. In 
hydrology the term is generally applied to the water flowing in 
a natural channel as distinct from a canal.

streamflow The discharge that occurs in a natural channel. 
Although the term “discharge” can be applied to the flow of a 
canal, the word “streamflow” uniquely describes the discharge 
in a surface stream course.

streamgage A gaging station where a record of discharge of 
a stream is obtained. Within the U.S. Geological Survey this 
term is used only for those gaging stations where a continuous 
record of gage-height is obtained. 
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Appendix 1. Site Descriptions and High-Water Marks at Study Sites, Flood of 
September 2008, Indiana.

[Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88). Horizontal coordinate data are referenced to the North 
American Datum of 1983. Approximate quantitative indications of accuracy of high-water-mark ratings: Excellent, ± 0.02 foot; Good, ± 0.05 foot; Fair, ±   
0.10  foot; and Poor, > 0.10 foot (Lumia and others ,1986); for bank of nearest watercourse, “right” and “left” refer to an observation looking in the down-
stream direction of the watercourse. RM, reference mark]

Community 
name

Elevation  
(feet 

above 
NAVD 88)

Latitude Longitude High-water-mark description

High-
water-
mark 
rating

Nearest  
watercourse

Bank of 
nearest 
water-
course

Dyer 655.61 41° 28’ 17.9” 87° 30’ 12.7” Seed line on maple tree Good Dyer Ditch Left
Dyer 657.00 41° 28’ 18.6” 87° 30’ 12.4” Seed line on maple tree Good Dyer Ditch Left
Dyer 653.69 41° 28’ 19.3” 87° 30’ 12.2” Seed line on hickory tree Good Dyer Ditch Left
Dyer 652.98 41° 28’ 19.6” 87° 30’ 12.1” Drift line on willow tree Good Dyer Ditch Left
Dyer 638.78 41° 28’ 43.8” 87° 30’ 11.8” Mud line on willow tree Good Dyer Ditch Right
Dyer 638.68 41° 28’ 45.1” 87° 30’ 11.5” Drift line on elm tree Good Dyer Ditch Left
Dyer 639.26 41° 28’ 45.7” 87° 30’ 11.4” Seed line on willow tree Good Dyer Ditch Left
Dyer 629.64 41° 29’ 27.6” 87° 29’ 28.2” Mud line on maple tree Good Dyer Ditch Right
Dyer 629.69 41° 29’ 28.0” 87° 29’ 29.7” Mud line on catalpa tree GoodDye။

刲㈲㈀
41²5.7

2.642 2922242224

R2 29

2222

䵵搠汩湥渠捡瑡汰愠㈰㑂㹔樊䕔䵃 ⽓灡渠㰼⽍䍉䐠ㄲㄵ‾㔵吊⽃㉟〠ㄠ〠ㄠ呦ਹ‰‰‹‴〳‴㘷⸴㤴㐠呭ਨ㍥晴⥔樊䕔䵃 ⽓灡渠㰼⽍䍉䐠ㄱ㉟ㄠㄵ㕔ਯ䌲弰‱⁔昊㤠〠〠㤠㘲⸰ぃ䥄‱㈲弱‱⁔昊㤠〠〠㤠ㄷ㜮㈠ੂ吊⽔吰‱⁔昊㤠〠〠㤠㔳牥攀
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[Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88). Horizontal coordinate data are referenced to the North 
American Datum of 1983. Approximate quantitative indications of accuracy of high-water-mark ratings: Excellent, ± 0.02 foot; Good, ± 0.05 foot; Fair, ±   
0.10  foot; and Poor, > 0.10 foot (Lumia and others ,1986); for bank of nearest watercourse, “right” and “left” refer to an observation looking in the down-
stream direction of the watercourse. RM, reference mark]

Community 
name

Elevation  
(feet 

above 
NAVD 88)

Latitude Longitude High-water-mark description

High-
water-
mark 
rating

Nearest  
watercourse

Bank of 
nearest 
water-
course

Gary 598.97 41° 34’ 19.0” 87° 19’ 13.0” Mud Line in gage btion 

598.97

87° 14

’
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[Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88). Horizontal coordinate data are referenced to the North 
American Datum of 1983. Approximate quantitative indications of accuracy of high-water-mark ratings: Excellent, ± 0.02 foot; Good, ± 0.05 foot; Fair, ±   
0.10  foot; and Poor, > 0.10 foot (Lumia and others ,1986); for bank of nearest watercourse, “right” and “left” refer to an observation looking in the down-
stream direction of the watercourse. RM, reference mark]

Community 
name

Elevation  
(feet 

above 
NAVD 88)

Latitude Longitude High-water-mark description

High-
water-
mark 
rating

Nearest  
watercourse

Bank of 
nearest 
water-
course

Michiana 
Shores

601.94 41° 45’ 33.0” 86° 48’ 49.7” Drift line on mulberry tree Poor White Ditch Left

Michiana 
Shores

601.68 41° 45’ 33.3” 86° 48’ 48.9” Mud line on cherry tree Poor White Ditch Left

Michiana 
Shores

600.21 41° 45’ 36.3” 86° 48’ 38.5” Mud line on silver maple tree Fair White Ditch Right

Michiana 
Shores

600.24 41° 45’ 36.2” 86° 48’ 39.0” Mud line on elm tree Fair White Ditch Right

Munster 598.87 41° 34’ 15.7” 87° 30’ 31.6” Mud/Seed line on elm tree Good Little Calumet Left
Munster 598.57 41° 34’ 15.8” 87° 30’ 34.4” Mud/Seed line on utility pole Good Little Calumet Left
Munster 598.17 41° 34’ 29.9” 87° 31’ 10.3”
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Appendix 2. Flood-Peak Inundation Maps for Selected Study Streams and 
Communities, Flood of September 2008, Indiana.

Appendix 2, which consists a series of maps showing approximate flood-peak inundation extents and depths, is available for 
downloading at 

http://pubs.usgs.gov/ofr/2010/1098/

Streams and areas mapped are the following:

•	 Deep River near Hobart, Indiana.

•	 Little Calumet River near Highland, Ind.

•	 Little Calumet River near Munster, Ind.

•	 Turkey Creek near Schererville, Ind.

•	 White Ditch at Michiana Shores, Ind.

Appendix 3. Flood-Peak Elevation Profiles for Selected Sites, Flood of September 
2008, Indiana

Water surfaces were estimated by linear interpolation between high-water marks. A linear interpolation between high-water 
marks is an approximation of the actual water surface; the actual water surface may have substantially departed from the water 
surface depicted in the profiles in some locations. For example, it is common for the water surface to drop between the upstream 
and downstream face of a bridge or culvert; potential water-surface elevation drops may not be reflected in the profiles. In some 
plots, a rise in the profile in the downstream direction can indicate a backwater condition caused by an obstruction. Water-sur-
face elevations are referenced to the North American Vertical Datum of 1988 (NAVD 88).



Appendix 3. Flood-Peak Elevation Profiles for Selected Sites, Flood of September 2008, Indiana  17

Flood-peak elevation profile, flood of September 2008, for Deep River near Hobart, Indiana.
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Flood-peak elevation profile, flood of September 2008, for Turkey Creek near Schererville, 
Indiana.

Flood-peak elevation profile, flood of September 2008, for White Ditch at Michiana Shores, 
Indiana.
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